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ABSTRACT

Levels of Zn and Cu in shucked, whole bodies of the oyster Crassostrea virginica

ranged up to 10,000 ppm Zn and 584 ppm Cu, with levels averaging 3915 ppm Zn and

180 ppm Cu. These levels are near the upper limits of values previously reported for

the species and are considerably higher than levels reported in a previous survey of the

same area. The data may indicate increased Zn contamination of lower James River

oysters over the period 1971-1973.

Live oysters were collected on 27 June
1973 from a rock retaining wall along

Craney Island, a large man-made penin-

sula extending into the lower James River

(Fig. 1). After shucking, the oyster body
was dried to a constant weight at 105° C.
and digested using nitric and perchloric

acids (Baumhardt and Welch, 1972;

Anderson, 1972). Zn and Cu concentra-

tions were determined using atomic ab-

sorption spectrophotometry and results

are expressed on the basis of /u,gm metal/

gm dry oyster tissue. A total of 104

oysters was sampled. These were pooled

in order to provide sufficient material

for analysis, yielding 50 pairs of Zn and
Cu concentrations (Fig. 2).

As a check on analytical procedure,

replicate samples of standard bovine liver

were carried through the entire digestion

analysis procedure. Results of these

determinations, shown in Table 1, indi-

cate generally good agreement with the

prescribed National Bureau of Standards

values. The fact that observed levels

were slightly below the prescribed con-

centrations may mean that levels re-

corded for the oysters may be slight

underestimates.

Discussion

The bioaccumulation of heavy metals,

especially Zn and Cu, by Crassostrea

virginica has been well documented
(Hiltner and Wichmann, 1919; Hunter
and Harrison, 1928; McFarren et al.,

1962; Galtsoff, 1964; Pringle^a/., 1968;

Shuster and Pringle, 1969; Kopfler and
Moyer, 1969; Pequegnot et al., 1969;

Wolfe, 1970; Windom and Smith, 1972;

and Bender et al, 1972).

In their survey of Virginia estuaries,

including the area sampled in this study,

Bender et al. (1972) advanced a linear

relationship between Zn and Cu content

in oysters from areas without unnatural

inputs of either of the metals. A 95%
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Fig. 1. Craney Island study site, lower James River.

confidence band about this least squares

regression line (Y = 1.9 + 0.09X) was
described by Y = -33 + 0.07X and Y
= + 30 + 0.1 IX. Points lying either

below or above this confidence band indi-

cate unnatural contamination of oysters

by Zn or Cu, respectively. Zn and Cu
levels in oysters from this study are

described by the equation Y = —31

+ 0.05X, indicating increased Zn con-

tamination (Fig. 3).

Several factors may be advanced to

Table 1. Analysis of standard bovine liver.

Zn (ppm) Cu (ppm)

National Bureau
of Standards

This study

130 ± 10

108 ± 6.0

193 ± 10

180 ± 5.0

explain the observed increase in Zn
levels in lower James River oysters over

the period 1971 to 1973. First, the chemi-

cal methods utilized to digest the oyster

tissue differed slightly. Bender et al.

(1972) employed a nitric acid process,

while I used a nitric and perchloric

acid digestion. Secondly, part of the

increase in Zn levels might be ascribed

to seasonal changes in the elemental

composition of the oyster (Galtsoff,

1953). Bender etal. collected oyster sam-

ples from February to March, while I

sampled in June. Thirdly, the study by
Bender et al., being a survey report of

450 T
(8200,545)

(10000,489)

Fig. 2. Relationship between zinc and copper in oysters from the lower James River.
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Fig. 3. Oyster data indicating Zn contamination,

after Bender, Huggett, and Slone (1972). The
natural range represents the 95% confidence inter-

val for Zn and Cu levels in oysters from uncon-

taminated Virginia estuaries.

general conditions in several Virginia

estuaries, may not have had sampling

points dense enough to detect this local

area of higher contamination. Lastly,

the difference between the Zn levels

reported for 1971 and those observed in

1973 may reflect a real increase in Zn
pollution of this waterway.

Summary

A survey of Zn and Cu in oysters

inhabiting the lower James River was
conducted and results of the analysis

compared to a previous survey of the

same area. A substantial increase in Zn
content of the oysters was observed over
the 2-1/2 year period between the studies.

An increase in the Zn contamination of
the waters and/or seasonal variation in

the elemental composition of the oyster

are probable causes.

References cited

Anderson, J. 1972. Wet digesting versus dry ashing
for the analysis of fish tissue for trace metals.

Atomic Absorpt. Newsl. 11(4): 88-89.

Baumhardt, G. R., and L. F. Welch. 1972. Lead
uptake and corn growth with soil applied Pb.

J. Environm. Qual. 1(1): 92-94.

Bender, M. E., R. J. Huggett, and H. D. Slone.

1972. Heavy metals —an inventory of existing

conditions. J. Wash. Acad. Sci. 62(2): 144-153.

Galtsoff, P. S. 1953. Accumulation of Mn, Fe, Cu,
and Zn in the body of American oyster. Anat.

Rec. 117: 601.

. 1964. The American oyster, Crassostrea

virginica. Fish. Bull. 64: 383-396.

Hiltner, R. S., and H. J. Wichmann. 1919. Zinc

in oysters. J. Biol. Chem. 38: 205-221.

Hunter, A. C, and C. W. Harrison. 1928. Bac-

teriology and chemistry of oysters. U. S. Dept.

Agric. Tech. Bull. #64.

Kopfler, F. C., and J. Mover. 1969. Studies on

trace metals in shellfish, pp. 67-80, in Proc.

Gulf and S. Atlantic Shellfish Sanitation Re-

search Conf., Cincinnati, Ohio.

McFarren, E. F., J. E. Campbell, and J. B. Engle.

1962. The occurrence of copper and zinc in

shellfish, pp. 229-234, in National Shellfish

Sanitation Workshop.
Pequegnot, J. E., S. W. Fowler, and L. F. Small.

1969. Estimates of Zn requirements of marine

organisms. J. Canada Fish. Res. Bd. 26:

145-150.

Pringle, B. H., D. E. Hissong, E. L. Katz, and S. T.

Mularka. 1968. Trace metal accumulation by
estuarine mollusks. J. Sanitary Engr. Div. ASCE
94: 455-475.

Sinister, C. N., Jr., and B. H. Pringle. 1969.

Trace metal accumulation by the American
eastern oyster, Crassostrea virginica. Proc.

Nat. Shellfish Assoc. 59: 91-103.

Windom, H. L., and R. G. Smith. 1972. Dis-

tribution of Fe, Mg, Cu, Zn, and Ag in oysters

along the Georgia coast. J. Fish. Res. Bd.

Canada 29(4): 450-452.

Wolfe, D. A. 1970. Levels of stable Zn and 65 Zn
in Crassostrea virginica from North Carolina.

J. Fish. Res. Bd. Canada 27: 47-57.

294 J. WASH.ACAD. SCI., VOL. 64, NO. 4, 1974


